Background: Several longitudinal studies have explored the association of obesity and
INTRODUCTION
The prevalence of obesity has increased epidemically in both developed and developing countries over the last few decades [1] . Obesity is a metabolic condition caused by an energy imbalance (i.e. when energy intake exceeds energy expenditure), which subsequently leads to an increase in adipose tissue deposits [2] . As adipocytes exert a number of endocrine functions [3] , increased adiposity is associated with a state of low-grade inflammation and insulin resistance [2, 4] . This obesity-related pro-inflammatory status appears to be involved in cardiovascular diseases, type 2 diabetes, metabolic disorders and certain cancers [5, 6] .
Evidence is growing for a possible link between obesity and periodontal disease [7] [8] [9] .
Obesity related inflammation may promote periodontitis by secretion of inflammatory markers by the adipose tissue that may increase gingival inflammation and promote bacterial proliferation on the tooth root surface [10, 11] . A recent review has also reported that weight gain was associated with incidence of periodontitis, although only 5 studies were identified [12] . Since the unfavorable inflammatory profile associated with increased adiposity can be improved during a period of weight loss [13] , what is missing in the literature is an evaluation of the effect of weight loss on periodontal tissues.
Several methods have been proposed for weight loss in obese patients, like dieting and physical exercise, pharmacological treatment, and surgical intervention [14] . Bariatric surgery is an effective therapy for the treatment of obesity compared with non-surgical interventions [15] . The benefits of bariatric surgery include significant and durable weight loss, improved or remission of obesity related comorbidities, and improved quality of life [15, 16] . Limited evidence, mainly coming from case reports and cross-sectional studies, suggests that higher levels of dental caries, periodontal diseases and tooth wear may be found in patients after bariatric surgery [17, 18] . In a recent prospective study, a resolution of systemic inflammation after bariatric surgery -i.e. significant decreases in C-reactive protein (CRP) and glucose levels after surgery-did not seem to affect the course of periodontal disease. On the contrary, the mean periodontal pocket depth and attachment loss increased significantly 6 months after bariatric surgery [19, 20] .
The purpose of this study was to explore whether weight loss after bariatric surgery was associated with changes in periodontal measures over 12 months.
METHODS
This report adheres to the Strengthening the Reporting of Observational Studies (STROBE) guidelines [21] . After exclusions, there were 110 patients (aged 20 to 60 years at baseline) who had periodontal data in at least two of the three examinations (baseline plus 6 or 12 months).
Periodontal data were available for 110, 90 and 110 participants preoperatively and at 6 and 12 months after surgery, respectively. That means 90 patients (82%) contributed to all three waves of periodontal data whereas the rest (18%) to two waves. A post-hoc calculation showed that this sample size had a 90% power to identify an 8%-difference in the proportion of sites with bleeding on probing (BOP) before and after surgery, with standard deviation of 25% in each measurement occasion and a correlation of 0.50 between measurements.
Data collection
Data were collected from medical records and through clinical examinations. Demographic factors (sex and age), anthropometric measures (height and weight), smoking habits, and fasting blood glucose (FBG) levels were extracted from patients' medical records preoperatively and 6 and 12 months after surgery. In line with local protocols, an FBG greater than 100 mg/dL was used for diagnosis of diabetes. Weight loss after bariatric surgery was expressed as change in body mass index (BMI). Patients did not receive any dental care
or oral health advice during the hospitalization period.
Participants were also invited to a periodontal examination at baseline and each control visit.
A North Carolina periodontal probe was used for the clinical inspection of all present teeth, excluding third molars. A full-mouth examination protocol was used, inspecting six sites per tooth (mesio-facial, mid-facial, disto-facial, mesio-lingual, mid-lingual, and disto-lingual) to measure probing pocket depth (PPD), clinical attachment loss (CAL) and bleeding on probing (BOP). PPD was the distance from the gingival margin to the base of the pocket whereas CAL was the distance between the cement-enamel junction and the base of the pocket. Three periodontal outcome measures were evaluated, namely the mean PPD and CAL across all examined sites and the proportion of sites with BOP. Examinations at three times, namely pre-operatively, 6 and 12 months after bariatric surgery were performed by two calibrated dentists, with Kappa values for intra-and inter-examiner reliability of 0.82 and 0.80, respectively.
Statistical analysis
Linear mixed effects (LME) models were used to estimate the longitudinal association between change in BMI and changes in BOP, PPD and CAL over 12 months. LME models use all available outcome data over the follow-up period, handle unequally spaced observations over time and take into account the fact that repeated measures on the same individual are correlated [22, 23] . All analyses were run in Stata Statistical Software (Release 13. College Station, TX: StataCorp LP) using the mixed command.
We explored the association of BMI with BOP, PPD and CAL in separate set of models. We for BMI estimates the effect on BOP at baseline whereas the interaction term between BMI and time estimates the effect of BMI on change in BOP over 12 months. We presented significant associations with changes in BOP using line graphs to aid interpretation. The same steps were followed when testing the association of BMI with PPD and CAL, respectively.
As smoking causes periodontal vasoconstriction [24] , we tested whether the effect of BMI on periodontal measures was different in smokers and non-smokers by testing the significance of the statistical interaction between BMI and smoking status when added to the model. Larger variations were observed for BOP (from 24.6% at baseline to 32.0% at 6 months to 30.8% at 12 months) than for mean PPD (from 1.77mm at baseline to 1.74mm at 6 months to 1.70mm at 12 months) or mean CAL (from 1.86mm at baseline to 1.89mm at 6 months to
1.88mm at 12 months) after bariatric surgery ( Figure 1 ). BMI was not significantly related to the proportion of sites with BOP at baseline ( Table 2 ), but it was negatively associated with the rate of change in the proportion of sites with BOP (p<0.05 for the interaction between weight and the time indicator). The greater the BMI the higher the proportion of sites with BOP, particularly at 6 months after surgery. This trend is shown in Figure 2 for different levels of BMI loss. On the other hand, BMI was not associated with baseline PPD and CAL or the rates of changes in these periodontal outcomes. Age and diabetes were the only factors associated with mean PPD and CAL at baseline ( Table 2 ). The interaction term between BMI and smoking status was not statistically significant (p>0.05).
DISCUSSION
This study shows that weight loss after bariatric surgery was associated with an increase in the proportion of sites with gingival bleeding, over and above the independent effects of demographic factors, smoking status and diabetes. Only minor changes in periodontal pocket depth and attachment loss were noted, which were not associated with weight loss.
The present results should be interpreted keeping in mind some study limitations. First, this study was based on a convenience sample of obese adults, and as such, the results are not generalizable beyond this group of participants. Second, the inclusion of a control group (morbidly obese patients that did not undergo bariatric surgery) running in parallel to the intervention would have strengthened the study design. That said, a control group is particularly useful to clarify whether improvements in outcome measures (which were not observed in this study) are due to the intervention being tested. Third, anthropometric measurements were not purposefully collected for this study but extracted from medical records. Although this may raise concerns about increased measurement error, there is evidence that body weights documented in medical records are exchangeable with body weights recorded in a research setting [25, 26] , particularly among women -who represented 88% of our study group- [27, 28] . Fourth, our regression models did not include a control variable for socioeconomic position, which is strongly related to both obesity [29] and periodontal disease [30] . Data on socioeconomic circumstances were not routinely collected as part of patients' medical records. However, restricting the sample to two neighboring hospitals serving the same population provided a control for confounders during the study design as all participants were exposed to similar social and environmental circumstances.
Information on factors such as feeding practices and oral hygiene were not collected either.
This omission does not affect the overall estimate for the association between weight loss and periodontal disease because the above factors are considered merely intermediates (not confounders) of the hypothesized association. However, they would have helped clarifying why weight loss would be associated with increased gingival bleeding.
The present findings suggest that weight loss was related to increased gingival bleeding but not to periodontal pocketing or attachment loss, offering no support for the hypothesized inflammatory pathway linking obesity to periodontal disease. If obesity and periodontal disease are causally related, a reduction in body weight should improve periodontal conditions, at least in terms of signs of gingival inflammation. Improvements in other common periodontal indicators, such as pocket depth and loss of attachment, may be more difficult to prove since they may require periodontal treatment after all. Weight loss does improve inflammation in terms of obesity-related inflammatory markers, specifically characterized by a decrease in inflammatory markers (CRP, tumor necrosis factor-α, interleukin-6 and leptin) and an increase in the anti-inflammatory marker, adiponectin [13, 31, 32] . However, it is also worth noticing that the evidence suggests that at least 2 years are required post-surgery for stabilization of physiological processes and the inflammatory profile [13] . Thus, it is possible that we were not able to identify changes in other periodontal measures because of the short follow-up period.
An alternative explanation for these findings has to do with the nutritional and anatomic changes after bariatric surgery, which may increase the risk of oral complications [17] .
Bariatric surgery causes a reduction of gastric capacity and consequently a decrease in food ingestion [15] . These changes lead to new feeding patterns post-surgery, including frequent small meals -i.e. grazing-and soft foods [16] that adhere to the tooth surface throughout the day [20] . This is in addition to a recent report of an increase in Porphyromonas gingivalis 6 months after bariatric surgery [19] , suggesting that changes in the amount and microbial composition of the dental biofilm are a common occurrence among bariatric patients.
Gastroesophageal reflux and vomiting are other common side-effects of bariatric surgery [33] , which may result in erosive lesions of the oral mucosa, including gingival tissues [17] .
Finally, bariatric surgery may lead to restriction and/or malabsorption of nutrients, causing deficiencies in iron, calcium, folate, and vitamins B12, A, D, E and K, some of which are important to maintain periodontal health [34] . 
CONCLUSION
This prospective study shows that weight loss was associated with increased gingival bleeding, showing a peak at 6 months after bariatric surgery. Periodontal pocketing and attachment loss remained unchanged during the first 12 months post-surgery. 
